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LONG-TERM GOALS 

Sand ripples that form under the action of waves/currents in coastal regions play a major role in 
sediment acoustics and are a main contributor to the seafloor roughness. An understanding of ripple 
dynamics is important for the description and modeling of various coastal processes such as 
underwater object scour/burial, local wave attenuation by bottom roughness and cross-shore sediment 
transport. While the focus of much of the previous (voluminous) work has been on the dynamics and 
evolution of bedforms under steady flow conditions and in homogeneous sediments, it has become 
increasingly clear that the variations of flow intensity and the heterogeneity of sediments play crucial 
roles in coastal circulation, benthic turbulence and bottom topography. The previous work on graded 
sediments has largely been associated with field observations or very small-scale (low Reynolds 
number) laboratory experiments under steady flow conditions, and they only dealt with bulk 
observations. The long-term goal of our research program is to create fundamental scientific 
knowledge that underpins the development of predictive tools for (oceanic) benthic transformations in 
heterogeneous media under variable flow forcing. The principal approach is to identify, investigate and 
parameterize critical hydrodynamic processes and parameters that govern the dynamics of benthic flow 
and morphological transformations using moderate and large-scale laboratory experiments, theoretical 
analyses and numerical simulations. 

OBJECTIVES 

The near-term objectives of our research are to: (i) study the dynamics and morphology of 
symmetric/asymmetric ripples generated under symmetric/asymmetric flow for both sustained and 
variable forcing and in homogeneous and heterogeneous sediments; (ii) investigate the processes 
responsible for ripples decay/degradation in homogeneous and heterogeneous sediments; (iii) study 
segregation processes frequently observed in the field but mostly overlooked in laboratory/theoretical 
studies; (iv) develop quantitative models for ripple formation, growth, transformation and decay under 
the above conditions; and (v) verify these models using laboratory and available field data. 

APPROACH 

A comprehensive laboratory experimental and theoretical research program was conducted to 
investigate the dynamics of sand ripples under conditions that mimic natural environments. The main 

1 


mailto:j.fernando@asu.edu�
http://efd.asu.edu/�


Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
2008 2. REPORT TYPE 

3. DATES COVERED 
  00-00-2008 to 00-00-2008  

4. TITLE AND SUBTITLE 
Ripple Dynamics and Benthic Transformations under Variable Wave 
Forcing 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Arizona State University,Department of Mechanical and Aerospace 
Engineering,Tempe,AZ,85287-9809 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 
 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 
Same as

Report (SAR) 

18. NUMBER
OF PAGES 

7 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



 

 
 

 

 

 

 
 

 
 

 
 

 
 

 
   

       
2    

3        
4        

              

6    
    

5    

      
  
  

 

  

  

   

  

components of the program were to: (i) measure, using moderate- and larger-scale experiments, the 
spatial variability of ripple morphology under oscillatory flow and shoaling waves; (ii) develop 
models/parameterizations for ripple morphology, including sediment sorting in heterogeneous 
sediment mixtures; and (iii) extrapolate laboratory findings, using appropriate dimensionless 
parameters, to oceanic conditions with the aim of providing guidance for the interpretation of field data 
and models development. The emphasis was on improving physical understanding and quantitative 
predictive skills of ripple morphology, evolution, decay and grain sorting. 

WORK COMPLETED 

Significant progress has been made during the course of our research program to develop a hierarchy 
of models of different complexity for ripple dynamics and scour/burial of bottom objects [1-9]. In FY 
08, our research was focused mostly on: (i) ripple dynamics and bed transformations under variable 
flow intensity in homogeneous and heterogeneous sediments [10-12], (ii) grain segregation and sorting 
under steady/variable flow intensity in heterogeneous sediments [12,13], and (iii) ripple decay and 
degradation in homogeneous and heterogeneous environments [11,12,14]. In the experiments with 
homogeneous quartz sand, a 35 m long wave tank with shoaling waves along a sandy slope (see [2,3]) 
was used. Experiments with calibrated homogeneous and heterogeneous sediments (bimodal mixture 
of colored spherical glass beads) were conducted using a 15 m long flume with an oscillatory flow rig 
(see [11,12]). To model the effect of turbulence on ripple decay, an oscillating grid/plate assembly 
(Fig. 1) was placed in the flume to generate controlled turbulence [15]. 

ω, 2ε 

Grid or plate 
1 

Ripples 

(b) 
8 

f, S 

7 (a) 

Fig. 1. A schematic of 15 m long experimental flume (a) and the oscillating grid assembly (b) to 
generate controllable turbulence. 1 - tank, 2 – water, 3 - oscillating rig, 4 – fixed to tank vertical 

barriers to damp surface waves, 5 - sand ripples, 6 - laser displacement sensor (LDS), 7 - computer 
controlled servo motor, 8 - chain to oscillate rig. 

Both wave tank and flume facilities are equipped with state-of-the-art instrumentation for flow 
diagnostics, which include: wave gauges, three-component acoustic Doppler Velocimetry (ADV), 
high-precision Laser Displacement Sensor (LDS) for bedform mapping and high-resolution color 
photography and Particle Image Velocimetry (PIV) with high-speed (500 f/s) camera and IR laser to 
illuminate small nylon micro spheres to reduce the effect of sediment particles on PIV measurements 
(Fig. 2). The results obtained are described in [8-14], and the main FY 08 findings are summarized 
below. 
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Fig. 2. A streak photograph (a) and PIV vorticity/velocity map (b) in an oscillatory flow over ripples 
of a bimodal sediment mixture. The flow moves from right to left (see arrow) and stops, generating 

an intense eddy. An IR laser was used to illuminate the tracked small nylon micro spheres thus 
reducing the effect of sediment particles on PIV measurements. 

RESULTS 

(i) For a bimodal sediment mixture of spherical grains of sizes d1, d2 and mass concentrations c1, c2= 
* 3 3(1-c1), the most important parameter is the effective grain size, d = d d  (c d  + c d  )  /(  c d  + c d  ) ,1 2  1 2 2 1  1 2  2 1  

with the latter suitably defining the rms grain diameter in the mixture, taking into account the number 
of particles of different sizes in a unit mass of the mixture [11,12,14]. Using this parameter, our 
previous models/parameterizations for ripples in homogeneous sediments [1,3,5,9] were modified and 
tested in experiments with bimodal sediment mixtures (see below). 

(ii) Experimental results show that ripples in a sediment mixture are more stable than that in 
homogeneous sediment of equivalent size, and the ripple length in a mixture is larger than that in 
homogeneous sediments. To explain these findings, an effective grain size for mixture was used, and a 
set of refined semi-empirical parameterizations was proposed for the observed ripple characteristics in 
sediment mixtures [12,14]. 

(iii) The characteristic grain sorting patterns (Fig. 3), with fine grains accumulating mostly in the ripple 
troughs and coarse grains on the ripple crests, was observed and explained qualitatively based on the 
differences in the mobility of sediments and coherent vortex structures. The process of grain sorting 
was studied by analyzing the time evolution of sediment concentration across ripples (Fig. 4), and a 
physical explanation was provided [12-14]. Note that grain sorting patterns similar to those observed in 
the laboratory have been documented in field situations [16]. 
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Fig. 3. A photograph (a) and two profiles (b,c) illustrating the coarse sediment 
concentration C over ripples at two different cross sections [white lines in (a)]. The 

similarity in the profiles can be clearly seen. 
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Fig. 4. Time evolution of coarse sediment concentration C across growing (a,b) and established (c) 
ripples. Starting from a well-mixed bimodal mixture on a flat bed (a), the grain sorting pattern is 

developing (b) with resulting stable sorting pattern on established ripples (c). 

(iv) The results obtained for the ripples decay under weak oscillatory flow (below the threshold for 
ripple formation), turbulence or a combination thereof show that both weak flow and external zero-
mean-flow turbulence can be effective mechanisms for ripple decay. The rate of decay was quantified 
using the effective ripple diffusivity K, which is a function of flow and sediment parameters. 

(v) Results on ripple decay under weak oscillatory flow could be modeled to the first approximation by 
using a time independent effective diffusivity K0 (see, e.g., Fig. 5a), for which a parameterization was 
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proposed. It was shown that K0 values are similar for homogeneous and heterogeneous sediments 
under weak flow, when d* is used as the equivalent grain diameter of a bimodal mixture. 

(vi) To model the ripple decay under turbulence, a variable effective diffusivity K was used (see Fig. 
5b). Two plausible mechanisms of sediment transport relevant to ripple decay were identified and were 
used to explain the observations and to parameterize the diffusivities. First order differences were 
identified between homogeneous and heterogeneous sediments, however, in that under bedload 
transport the ripples decay slower in a mixture (smaller K). Nevertheless, under suspended load, the 
ripples decay at the same rate (similar K) for both a mixture and uniform sediment of equivalent sizes. 
Quantitative comparison with available field data [17] demonstrated satisfactory agreement between K 
values [12,14]. 
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Fig. 5. Ripple diffusion models (solid lines) for ripples decay under weak flow (a) (time independent 
diffusivity) and background turbulence (b) (variable diffusivity) for the case of bimodal sediments. 

IMPACT/APPLICATIONS 

Ripple dynamics and sand segregation in heterogeneous sediments under variable forcing, typical of 
the oceanic coastal zone, are not well understood from a fundamental point of view nor have they been 
modeled based on phenomenological and physical arguments. Our work has made significant advances 
in this regard by utilizing integrated laboratory and theoretical/numerical approaches. 

TRANSITIONS 

We interacted with the field experimental groups of the University of South Florida, Dalhousie 
University and Woods Hole Oceanographic Institution in comparing field results with predictions 
based on laboratory results. In closing out our mine burial research conducted under the previous grant, 
in FY07 we compared laboratory results of scour rate, object burial and flow regimes with operational 
mine burial models: WISSP, NBURY and DRAMBUIE. The mine scour/burial regime diagram and 
associated formulations have been transitioned to the Mine Burial Expert System development group 
at JHU/APL. Experimental data, models and parameterizations developed under this project are being 
extensively used by the research community (more than 70 journal citations). 
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RELATED PROJECTS 

The PIs are unaware of laboratory projects conducted elsewhere on the decay/degradation of ripples. 
Studies on sediment segregation on ripples are also sparse, and the PIs are aware of only three papers 
on this topic [18-20]. 

HONORS/AWARDS/PRIZES 

The PIs work was featured in New York Times on December 25, 2007 and in International Herald 
Tribune on the December 26, 2007. 
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